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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the uss o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The electron microscope with which the point of the equipment which detects said X-ray is 
characterized by having the open end like the configuration lacking in horseshoe shape or some circular 
rings in the electron microscope equipped with the equipment which detects the X-ray which irradiates 
the sample which fixed the electron ray thinly extracted with the objective lens to the sample base 
installed in the point of an objective lens, and is generated from this sample. 

[Claim 2] The electron microscope characterized by installing a secondary electron detector in the open 
end side of the equipment which detects an X-ray according to claim 1. 

[Claim 3] The electron microscope with which the equipment which detects an X-ray according to claim 
1 is characterized by having two or more X-ray sensing elements. 

[Claim 4] The electron microscope characterized by the detection side of two or more X stroke children 
according to claim 3 being almost perpendicular to the direction of incidence of the X-ray from a 
sample. 

[Claim 5] The electron microscope characterized by installing the container which stores an X-ray 
sensing element according to claim 1 in the space of between an objective lens and a sample or the 
surroundings, or the space of an objective lens top. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of* this translation . 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention irradiates an electron ray at a sample, and relates to a suitable 
electron microscope to attain high characteristic-X-ray detection sensitivity and high secondary electron 
detection sensitivity to coincidence especially with respect to the scanning electron microscope equipped 
with the equipment which analyzes the characteristic X ray generated from a sample. 
[0002] 

[Description of the Prior Art] The basic configuration of the scanning electron microscope which is one 
sort of an electron microscope is explained using drawing? . The electron ray 2 which came out of the 
electron gun 1 is thinly extracted with a condensing lens 3 and an objective lens 4, and a sample 5 is 
irradiated. If an electron ray 2 is irradiated at a sample 5, a secondary electron 1 0 will come out from a 
sample 5. Furthermore, an election ray is made to scan on a sample with a deflecting coil 6. Make into 
the intensity modulation signal of the Braun tube 41 the secondary electron signal from the sample 5 
detected with the secondary electron detector H, it is made to synchronize with the scan of an electron 
ray 2 5 and the secondary electron image in which it is made to display on the Braun tube 41 , and the 
gestalt image of a sample side is shown is obtained, A secondary electron is detected as follows. There is 
a scintillator 101 by which the forward electrical potential difference of about 10 kilo volts was 
impressed at the tip of the secondary electron detector 1 1 in the front face, and the electric field shown 
in the equipotential surface 102 are formed between the sample 5 and the secondary electron detector 
1 1 . The secondary electron 1 0 from a sample is drawn in the secondary electron detector 1 1, being 
accelerated by this electric field. The accelerated secondary electron 10 gives off a beat and light for a 
scintillator 101. The photomultiplier tube 103 detects this light The distance between an objective lens 4 
and a sample 5 (working distance) is 35 millimeters from 5 millimeters. And spatial resolving power is 
decided by the beam diameter of an electron ray, and its spatial resolving power is so high that the beam 
diameter of an electron ray is small. The beam diameter which can be extracted is decided by aberration 
of an objective lens, and aberration is so small that it is short, the focal distance, i.e., the working 
distance, of an objective lens. In order to observe the detailed structure with detailed-izing of 
semiconductor devices, such as the latest DRAM, the distance between a sample and an objective lens is 
becoming about 5 millimeters. Moreover, as shown in drasring 2 , in order to secure the space of the 
side, the configuration of an objective lens 4 is a cone-like, and what is carrying out the configuration 
which stuck and appeared in the sample side is common. 

[0003] Although drawing 2 showed the scanning electron microscope which has an objective lens in the 
sample bottom, as shown in drawing 8 , in order to obtain still higher spatial resolving power, a sample 
5 is inserted between the magnetic poles of an objective lens 4, it considers as the so-called in lens, and 
the scanning electron microscope which extracts an electron ray 2 thinly and enabled it to irradiate a 
sample is known. In this case, the secondary electron detector 11 arranged to the objective lens up side 
detects the secondary electron from a sample 5. The distance between a sample and an objective lens is 
about 5 millimeters. 
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[0004] As mentioned above, although the scanning electron microscope has been described, thickness 
arranges this sample between the magnetic poles of an objective lens (about 5 millimeters) using several 
10 nanometers and a thin sample, the electron ray extracted thinly is irradiated and the transmission 
electron microscope which can investigate the structure of a sample with s till higher spatial resolving 
power is known by measuring the electron ray which penetrated the sample. Next, the X-ray detecting 
method is described using drawi ng^ . Since the characteristic X ray 20 corresponding to the element 
which constitutes a sample 5 from a sample 5 will occur if an electron ray 2 is irradiated at a sample 5, 
this characteristic X ray 20 is detected and there are some which perform the element distributive 
analysis of a sample. There is the approach of inserting the X-ray sensing element 33 which consists of 
semi-conductors, such as silicon and germanium, as an approach of detecting the characteristic X ray 20 
from a sample 5. If an X-ray carries out incidence to the X-ray sensing element 33, the electron and 
electron hole of the number proportional to the energy of the characteristic X ray 20 from a sample 5 
will occur. 
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TECHNICAL FIELD 



[Industrial Application] This invention irradiates an electron ray at a sample, and relates to a suitable 
electron microscope to attain high characteristic-X-ray detection sensitivity and high secondary electron 
detection sensitivity to coincidence especially with respect to the scanning electron microscope equipped 
with the equipment which analyzes the characteristic X ray generated from a sample 



[Translation done.] 
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PRIOR ART 



[Description of the Prior Art] The basic configuration of the scanning electron microscope which is one 
sort oi an electron microscope is explained using drawing 2 . The electron ray 2 which came out of the 
electron gun 1 is thinly extracted with a condensing lens 3 and an objective lens 4, and a sample 5 is 
irradiated If an electron ray 2 is irradiated at a sample 5, a secondary electron 10 will come out from a 
sample 5. Furthermore, an electron ray is made to scan on a sample with a deflecting coil 6. Make into 
ttie intensity ^modulation signal of the Braun tube 41 the secondary electron signal from the sample 5 
detected with the secondary electron detector 1 1, it is made to synchronize xvith the scan of an electron 
ray 2 and the secondary electron image in which it is made to display on the Braun tube 41, and the 
gestalt unage of a sample side is shown is obtained. A secondary electron is detected as follows. There is 
a scintillator 1 01 by which the forward electrical potential difference of about 1 0 kilovolts was 
impressed at the tip of the secondary electron detector 1 1 in the front face, and the electric field shown 
in the equipotential surface 102 are formed between the sample 5 and the secondary electron detector 
1 1. The secondary electron 10 from a sample is drawn in the secondary electron detector 11 being 
accelerated by this electric field. The accelerated secondary electron 10 gives off a beat and light for a 
scintillator 101. The photomultiplier tube 103 detects this light The distance between an objective lens 4 
and a sample 5 (working distance) is 35 millimeters from 5 millimeters. And spatial resolving power is 
decided by the beam diameter of an electron ray, and its spatial resolving power is so high that the beam 
diameter of an electron ray is small. The beam diameter which can be extracted is decided by aberration 
of an objective lens, and aberration is so small that it is short, the focal distance, i.e., the working 
distance, of an objective lens. Id order to observe the detailed structure with detailed-izing of 
semiconductor devices, such as the latest DRAM, the distance between a sample and an objective lens is 
becoming about 5 millimeters. Moreover, as shown in drawing 2 , in order to secure the space of the 
side, the configuration of an objective lens 4 is a cone-like, and what is carrying out the configuration 
which stuck and appeared in the sample side is common. 

[0003] Although drawing .2 showed the scanning electron microscope which has an objective lens in the 
sample bottom, as shown in d rawing g , in order to obtain still higher spatial resolving power, a sample 
5 is inserted between the magnetic poles of an objective lens 4, it considers as the so-called in lens, and 
the scanning electron microscope which extracts an electron ray 2 thinly and enabled it to irradiate a 
sample is known. In this case, the secondary electron detector 1 1 arranged to the objective lens up side 
detects the secondary electron from a sample 5. The distance between a sample and an objective lens is 
about 5 millimeters. 

[0004] As mentioned above, although the scanning electron microscope has been described, thickness 
arranges this sample between the magnetic poles of an objective lens (about 5 rnillimeters) using several 
10 nanometers and a thin sample, the electron ray extracted thinly is irradiated and the transmission 
electron microscope which can investigate the structure of a sample with still higher spatial resolving 
power is known by measuring the electron ray which penetrated the sample. Next, the X-ray detecting 
method is described using drawing 2 . Since the characteristic X ray 20 corresponding to the element 
which conshtutes a sample 5 from a sample 5 will occur if an electron ray 2 is irradiated at a sample 5 
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this characteristic X ray 20 is detected and there are some which perform the element distributive 
analysis of a sample There is the approach of inserting the X-ray sensing element 33 which consists of 
semiconductors, such as silicon and germanium, as an approach of detecting the characteristic X ray 20 
ZZl s rf le * ,f X ; ra y carries out incidence to the X-ray sensing element 33, the electron and 
electron hole of the number proportional to the energy of the characteristic X ray 20 from a sample 5 

1 £? C if fged Parti ? $ Can 5 e coUeetad ' ft can chan S e **> 811 electrical-potential-difference 
pulse with the height corresponding to that number, and the energy of the X-ray from a sample can be 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As mentioned above, by using the X-ray detector which has an open end at tips 
such as horseshoe shape, the maximum counting rate is made high, or in order to enlarge an X-ray 
detection solid angina sample can be approached and two or more X-ray sensing elements can be 
installed, and when X-ray detection is unnecessary, an X-ray detector is avoided, or it can perform easily 
removmg from an electron microscope in the case of repair. Moreover, since the amount of detection of 
the secondary electron detected with a secondary electron detector is not reduced, it becomes possible to 
take a good secondary electron image and an elemental-analysis image to coincidence. Furthermore the 
X~ray detector of the high maximum counting rate and a large detection solid angle is cheaply realizable 
by storing two or more sensing elements in one container, and cooling by one liquid nitrogen tub 



(Translation done.) 
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* NOTICES * 

JPO and NCIPI axe not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the orisinal 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words arc not translated. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] By the approach of the above-mentioned beginning as 
consideration was not made at all about secondary electron detection but it was shown in drawing 3 
when the secondary electron detector 1 1 had been arranged, since X-ray detector 3 1 was arranged ' 
between the secondary electron detector 1 1 and the sample 5, most secondary electrons were covered 
and there was a problem that the amount of the secondary electron included in the secondary electron 
detector 1 1 decreased sharply. Moreover, the part which is mainly concerned with the field-effect 
transistor which is a part of signal amplifying circuit which should be arranged at the tip of an X-ray 
detector in order to reduce a noise, The radioparency aperture which separates the sample room of the 
X-ray detector and electron microscope for performance degradation prevention of an X-ray sensing 
element, And a component indispensable to energy dispersion mold detection equipments, such as a 
collimator for restricting the incidence of the braking radiation X-my used as a signal noise the 
fluorescence X rays by this X-ray, and a reflection electron, is not indicated at all. Although it inserted 
between the objective lens and the sample and the solid angle was earned, there were many noise 
components, it has not been improved as detection sensitivity, and degradation of the engine 
performance of a sensing element was intense, and there was a problem about long-term use. Moreover 
when a radioparency aperture and a collimator were taken into consideration, there was a problem of the 
housing of 3 millimeters and a radioparency aperture becoming [ the thickness of the whole X-ray 
detector ] larger than the distance between a sample and an objective lens, since 5 millimeters of 
thickness of I millimeter and a collimator are required at the lowest at the lowest, and it becoming 
impossible for the thickness of an X-ray sensing element to arrange near the electron ray path 
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3.1n the drawings, any words are not translated. 



MEANS 



[Means for Solving the Problem] In order to attain the above-mentioned purpose, in this invention, a tip 
instead of an annular X-ray detector Horseshoe shape Or the X-ray detector which consists of a 
container with an open end like the configuration lacking in some circular rings is used. It enabled it to 
move to the location which should be installed from insertion opening prepared in the side face of the 
mirror body of an electron microscope, and two or more X-ray sensing elements were built in in die 
container, the large X-ray detection solid angle was taken, and the secondary electron detector has been 
further arranged to the open end side. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been treated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



OPERATION 



[Function] Drawmg4 and drawing 5 explain an operation of this invention. Drawing 4 is the vertical 
cross section of the one section of a scanning electron microscope, and drawing! is the horizontal 
sectional view of the scanning elecfron microscope in which the physical relationship of the X-ray 
detector showing the description of this invention and a secondary electron detector is shown The 
electron ray 2 thinly extracted to the sample 5 with the objective lens 4 in drawing 4 is irradiated 
Between the objective lens 4 and the sample 5, the X-ray detector and the secondary electron detector 
are arranged from the longitudinal direction. The tip of X-ray detector 31 which is the description of this 
invention has a horseshoe-shaped form with an open end, as shown in drawing 5 (claim 1) and the 
secondary electron detector 1 1 is arranged at the open end side (claim 2). The secondary electron 
generated from the sample 5 is drawn in the secondary electron detector 1 1 by the electric field which 
passed through the space 15 of (he open end of an X-ray detector, and were impressed to the front face 
of the secondary electron detector 1 1. The collimator 37 for restricting the incidence of the radioparency 
aperture 36 which separates the sample room of the X-ray detector and electron microscope for 
performance degradation prevention of an X-ray sensing element and the braking radiation X-ray used 
as a signal noise, and the fluorescence X rays by this X-ray is attached at the tip of X-ray detector 31. 
[0012] As mentioned above, since a secondary electron comes to be detected by the secondary electron 
detector 1 1 by arranging the secondary electron detector 1 1 to the open end side of X-ray detector 31 
with an open end, without being covered, the detection efficiency of a secondary electron does not fall 
Furthermore, in order for the tip of an objective lens 4 to project and to obtain high spatial resolving 
power, it becomes possible to insert X-ray detector 3 1 from one opening 61 which the point of an 
objective lens 4 was made to pass through, and was prepared in the mirror body 60 by preparing an open 
end in X-ray detector 3 1 also with the electron microscope with between [ narrow ] an objective lens 4 
and samples 5 (claim 5). Furthermore, in accordance with the configuration of a projection of an 
objective lens 4, by attaching an inclination to the part inside [ horseshoe-shaped ] X-ray detector 3 1 it 
can arrange from a sample perpendicularly to the direction of incidence of an X-ray so that it may 
become possible to approach a sample 5 and to arrange the X-ray sensing element 33 and ****** of the 
X-ray sensing element 33 can be used effectively. 
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3. In the drawings, any words are not translated. 



EXAMPLE 



[Example] 

(Example 1) The example by this invention is hereafter explained using drawin g 1 , drawing 6 and 
dmsong 7 . Drawing.! is the vertical cross section of the scanning electron microscope which realizes 
this invention and an electron ray 2 is irradiated by the sample 5 with a focusing lens 2 and an objective 
lens 3. With the scan coil 3, a secondary electron image can be obtained by scanning an electron ray 2 
on the front face of the above-mentioned sample 5, and detecting the secondary electron generated from 
a sample 5 with the secondary electron detector 1 1. By X-ray detector 31 arranged between an objective 
lens 3 and a sample 5, elemental analysis is possible. Drawing 6 is drawing which looked at X-ray 
detector 3 1 and the secondary election detector 1 1 from the upper part, the direction, Le., drawing 1 to 
which an electron ray carries out incidence of the electron microscope which realizes this invention 'and 
drawmja is the sectional view showing the structure inside an X-ray detector. X-ray detector 3 1 has a 
container with horseshoe-shaped opening, as shown in drawing 6 , and a secondary electron detector is 
located in an opening side. As the term of an operation explained, the secondary electron generated from 
a sample 5 passes through the space of the above-mentioned opening, is drawn in the secondary electron 
detector 1 1 by the electric field impressed to the front face of the secondary electron detector 11 and is 
detected. Moreover, as shown in drawing.7, , in the X-ray detector in this example, the X-ray sensing 
element 33 which consists of a total of 12 silicon crystals is installed in the horseshoe-shaped container 
AX line each sensing element is supported on the ceramic plate 35 which makes the silicon nitride with 
sufficient thermal conductivity attached in the cooling rod 34 with which the opposite end face is in 
contact with liquid nitrogen the quality of the material, and is cooled by low temperature. The X-ray 
sensing element 33 is installed so that the detection side may become perpendicular to the X-ray 
generated from a sample 5. Thereby, an X-ray can be detected now by the greatest detection solid angle 
about the X lme each sensing element 33. Between the sample 5 and the sensing element 33 
characteristic X ray 20 is introduced into the X-ray sensing element 33, and the collimator 37 made from 
the tantalum for restricting the unnecessary braking X-ray and reflection electron constituting the 
radiopareucy aperture 36 which holds the inside of an X-ray detector to a vacuum in order to prevent 
that gas sticks to the X-ray sensing element 33 cooled at the time of exchange of a sample 5, and the 
cause of a noise is installed. 

[0014] In order to make an X-ray sensing element approach a sample by having horseshoe-shaped 
opening which is the description of this invention, when X-ray detector 31 could be easily moved now 
to the space between an objective lens and a sample and X-ray detection was not carried out, the X-ray 
detector was avoided and it came to be able to perform removing at the time of repair easily. Moreover 
it became possible similarly [ before installing an X-ray detector ] about secondary electron detection to 
carry out at high sensitivity. 

[0015] Although the maximum counting rate of one sensing element does not change since the signal 
from 12 sensing elements 33 is chauged into a voltage signal by 12 preamps, pulse height analysis is 
independently earned out further 12 pieces with a signal processor 40 and it is processed, the 12 
maximum counting rates of the whole have increased 12 times as compared with one case. 
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[001 6] At this example, as compared with the conventional equipment which consists of one X-ray 
sensing element, two-dimensional distribution of the same detection sensitivity as the former could be 
acquired by time amount short a single figure, and elemental analysis became possible by the 
conventional sensibility by damage low a single figure also about the damage done to a sample 
Moreover, the amount of signals detected with the secondary electron detector 1 1 was almost changeless 
before inserting an X-ray detector. Furthermore, by evaluation of manufacture of the X-ray detector by 
this example of semiconductor devices, such as an integrated circuit, and the inspection process, as a 
result of applying to the length measurement scanning microscope currently widely used to measure the 
dimension of a circuit partem, time amount required for dust particle inspection can be shortened a 
single figure, and came to be used practical. 

[001 7] (Example 2) Next, another example by this invention is explained using drawing 8 . 
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* NOTICES * 

JPO and MCIPI are not responsible for any 
damages caused by the use of this translation. 

predseJy CUmCnt ^ **** translated by com P uter - So the translation may not reflect the original 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS ~~ ~ ~ 



[Brief Description of the Drawings] 

Sr^ 8 ^ H 16 electron microscope block diagram showing one example of this invention 

JO^wjngZl The block diagram showing equipment conventionally. 

XDrawingJJ The block diagram showing equipment conventionally [ another J. 

{Dr awing 4] The conceptual diagram explaining an operation of this invention. 

prawjng 5] The conceptual diagram explaining an operation of this invention. 

[ Drawing The horizontal sectional view showing the physical relationship of the detector in one 

example of this invention. 

[ Drawing 7 ] Structural drawing of the X-ray detector in one example of this invention. 
[D rawing $] The electron microscope block diagram showing another second example of this invention 
Drawing g] The electron microscope block diagram showing the third example of this invention 
[Description of Notations] 

1 -electron gun, 2-eIectron ray, 3-focusing lens, 4-objective lens, 5-sample, 6-scan coil, 7-sample base 8- 
liqmd nitrogen tub, 1 1 -secondary electron detector, 10-secondary electron line, 1 5-space 20- 
charactenstic X ray, 3 1 -X-ray detector, 32-radioparency hole, 33-X-ray sensing element' 34-cooling rod 
35-support plate, & ' fa ' 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
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3. In the drawings, any words are not translated. 



DRAWINGS 



52 40 




PAGE Ml « RCVD AT 2116/2006 1 :07:42 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-6/34 * DMS:2738300 ' CSID714 540 9823 1 DURATION (mm-ssj:1>3^ 6 



02/16/2006 10:13 FAX 714 540 9823 

JP,09-082261 A [DRAWINGS] 



FCH&S COSTA MESA 



12)040 

Page 2 of 4 



S2 




[ Drawin| 4} 




[Drawing 5 J 
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[Draw ingJQ 
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[Translation done.] 
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